Surgical site infection is a frequent cause of morbidity after colorectal resection and is a quality measure for hospitals and surgeons. In an effort to reduce the risk of postoperative infections, many wounds are left open at the time of surgery for secondary or delayed primary wound closure.
SSI is divided into either superficial or deep, whereas organ space SSIs are infections below the fascia. SSI has been linked to significant increases in postoperative morbidity. 2 Rates of SSI after colorectal surgery range from 5% to 30% and are widely implicated as a hospital quality metric. 3, 4 Many patient and operative factors affect the rate of SSI in colorectal surgery, and incision closure after resection has been implicated as an important factor. Delayed wound closure is a method of leaving a contaminated surgical wound open at the end of an operation to be closed at a later date (delayed primary closure) or left to close by secondary intention. Both methods are used to minimize the risk of SSI and have proven to be efficacious. [5] [6] [7] Delayed wound closure techniques were initially developed by trauma surgeons performing exploratory laparotomy in contaminated surgical fields but are now used by other surgical disciplines including colorectal surgery, cardiothoracic surgery, gynecology, and emergency general surgery when the surgical field appears contaminated.
Although leaving wounds open may be effective in reducing SSI risk, these techniques hold other disadvantages for patients, including pain with dressing changes and the potential need for wound closure at a later date.
Previous studies have compared SSI rates in primary versus delayed wound closure. 8 However, no previous study has examined the impact of wound closure on surgical outcomes in a large, national data set. The objective of this study was to determine the impact of leaving a surgical wound open at the time of an index operation on postoperative outcomes. We hypothesized that, although delayed wound closure may decrease rates of superficial SSI, thus improving a carefully tracked quality metric, these techniques may actually increase resource use associated with care for these wounds. Therefore, there are likely to be unintended consequences of leaving wounds open that are not so easily quantified and tracked in comparison with simply measuring the rate of superficial SSI.
PATIENTS AND METHODS

Data Set
Patient records for colorectal cases including laparoscopic and open colectomy, proctectomy, and stoma creation were obtained using the 2014 ACS NSQIP Participant Use File. This included 50,212 patients from 517 participating hospitals. The ACS NSQIP Participant Use File is a robust nationwide data set designed for surgical quality improvement, and the methodology and risk stratification are described elsewhere. 
Statistical Analyses
Unadjusted comparisons by wound closure classification were performed using Pearson χ 2 test for categorical variables and the Mann-Whitney test for continuous data. Propensity score matching used a logistic regression model with demographic, comorbidity, and operative covariates selected a priori (Table S1 , available in the online Data Supplement at http://links.lww.com/DCR/A629). Patients were then matched in a 1:1 fashion without replacement using a nearest neighbor algorithm from the psmatch2 package (Stata; StataCorp LLC, College Station, TX). Within the matched cohort, comparisons as a function of wound closure classification were again performed using Pearson χ 2 or Mann-Whitney tests, as appropriate. Statistical calculations were performed using Stata. Statistical significance was set at an α = 0.05.
RESULTS
Before propensity matching, the unadjusted superficial SSI rate was 5.7% (n = 2777) for those with their skin closed. The unadjusted rates of deep SSI were 1.6% (n = 768) compared with 2.5% (n = 36) for patients with skin closed versus left open. Similarly, the organ space SSI rate was 5.2% (n = 2519) versus 11.3% (n = 166) for patients with skin closed versus open. The unadjusted preoperative and operative characteristics are described in Table 1 . The results are notable for the widespread significant differences between the 2 groups, where patients with their skin left open are sicker with higher ASA score and estimated probabilities of morbidity and mortality (all p < 0.001). The only variables not statistically different between unmatched groups are age and sex.
After propensity matching, within the matched cohort, the superficial SSI rate was 8.7% (n = 120) for those with their skin closed. The rates of deep SSI after matching based on preoperative patient demographics were equivalent at 3.3% (n = 45) and 2.4% (n = 33) for patients with skin closed versus left open (p = 0.168). The organ space SSI rates were also equivalent at 11.1% (n = 154) and 11.6% (n = 160) with skin closed versus open (p = 0.719). The preoperative and operative characteristics for the matched cohort are listed in This included statistically higher rates of 30-day mortality, deep and organ space SSI, dehiscence, sepsis, reintubation, pulmonary embolism, acute renal failure requiring dialysis, stroke, unplanned reoperation, cardiac arrest, myocardial infarction, transfusion, deep vein thrombosis, hospital length of stay, and discharge location to a facility before propensity matching (all p < 0.05; Table 3 ). Within the matched cohort, postoperative events were similar between groups except for reintubation, hospital length of stay, and discharge to a facility. The reintubation rate was 5.1% (n = 70) in patients whose skin was closed versus 
DISCUSSION
The purpose of this study was to assess the impact of delayed wound closure on outcomes after colorectal surgery. We found that patients who underwent delayed or secondary wound closure had greater preoperative medical comorbidity, substantially higher rates of wound contamination, and much poorer health at baseline compared with those who underwent primary closure of their surgical wounds. Although all factors that led to delayed wound closure by each surgeon could not be accounted for, to best account for baseline differences in patient demographics and preoperative comorbidities, we performed propensity-matched risk adjustment to evaluate the impact of wound closure on postoperative outcomes and healthcare use. Within the matched cohort, we found that patients whose wounds were left open after surgery had a longer postoperative length of stay and were more likely to be discharged to a medical facility after their index hospitalization (34.1% vs 26.6%). They also demonstrated a statistically higher rate of reintubation (8% vs 5%). The reason for this is likely multifactorial and related to worse pain in those with open wounds, more medical comorbidities, and higher levels of surgical complexity persuading the surgeon to leave the skin open.
Several disciplines within general surgery are evaluating the impact of delayed wound closure on infection. This includes clinical trials evaluating the efficacy of delayed wound closure for complicated appendicitis cases, which are currently ongoing (clinicaltrials.gov, NCT01659983). 10 Delayed wound closure for traumatic injuries remains controversial. The Cochrane group has examined this issue, feels more research is necessary, and has made no consensus statements regarding traumatic wounds that present within 24 hours of injury.
11
In addition to delayed closure, other factors impact SSI within colorectal surgery. Watanabe et al 12 performed a retrospective analysis to evaluate risk factors for SSI in emergency colorectal operations. They found wound class III/IV and obesity to be independent predictors of SSI and concluded that delayed primary or secondary wound closure should be considered in cases of generalized wound contamination. 12 In the present study, ≈15% of wounds classified as clean and clean contaminated were left open. This is most likely the result of incorrect documentation by operating room staff and miscoding by the NSQIP reporter, as has been shown previously. 13 This can be improved with better communication regarding wound classification between surgeons and operating room nurses. Pendlimari et al 14 found that diagnosis and reason for colorectal resection heavily impact the rates of SSI, with rectal cancer resection patients having the highest rates of superficial, deep, and organ space SSI. The authors concluded that disease processes must be considered when institutional SSI rates are used as a quality metric. Several recent investigators have confirmed that laparoscopy has substantially reduced rates of SSI when compared with open colorectal resection. [15] [16] [17] Although the possibility of superficial SSI is eliminated when wounds are left open at the time of surgery, there were no differences within the matched cohort for rates of deep incisional or organ space SSI. Organ space infections occur because of anastomotic leak and dehiscence, which should not be related to postoperative skin closure. One advantage of leaving a wound open is to prevent a deep incisional infection involving the fascia and subcutaneous tissues, which can contribute to additional wound breakdown and either wound dehiscence or the creation of an incisional hernia. 18 However, our data suggest that leaving the wounds open did not, in fact, impact the overall rate of deep incisional infections, negating the most significant advantage of leaving a wound open. If this is true then leaving a wound open may, in fact, increase wound care costs without impacting long-term outcomes such as ventral hernia.
The identification of increased resource use is limited by the NSQIP data set. The impact on healthcare cost extends beyond increased length of stay and discharge to medical facilities. Patient with open surgical wounds typically require daily packing and dressing changes, oftentimes requiring either home health nursing or discharge to a nursing facility for wound care. These patients were found to have more medical comorbidities at baseline, which increases the likelihood that they will require discharge to a transitional medical facility before returning home. In addition, negative pressure wound vacuum devices are frequently used in patients with large open wounds. These devices increase the cost of care to patients and hospital systems and almost invariably require addi-tional home healthcare nursing. Cost analyses were not able to be performed in this study but include an important area for future research. Prolonged wound care needs are also likely to impact the next phase of care, including patients returning to normal activities or for ongoing medical needs, such as chemotherapy, all of which are likely delayed by open wounds. 19 Finally, ongoing wound care is also likely to have significant impact on the patient experience, including the emotional impact on both the patient and family members, who are often asked to provide local wound care. A measure of the emotional impact of these long-care issues is difficult to completely quantify but should not be trivialized. 20 This study is inherently limited by the ACS NSQIP data set, limited procedures abstracted, limited participation across many diverse medical centers nationally, and limitations in variable capture. NSQIP has designated personnel at each center who are specifically trained to review the medical chart and document specific patientrelated characteristics and outcomes; however, diversity across hospital systems may limit the generalizability of our findings. The definitions of superficial, deep, and organ space wound infections are clearly stated in the NSQIP protocol and are used by all of the participating NSQIP centers. Although the definitions are standardized across the data set, there clearly exists heterogeneity in what is considered and documented as a wound infection in the medical chart, which is at the discretion of each patient's healthcare provider, as has been shown previously. 21 Negative pressure wound therapy (eg, wound vacuum) techniques are commonly used in cases where delayed/secondary wound closure is used, but this information was not available in the data set. Delayed wound closure was much more commonly performed in patients with worse underlying medical conditions, including the presence of preoperative sepsis, and those with contaminated/dirty wounds; therefore, interpretations of direct comparison are limited to the matched cohort, and care should be taken when extrapolating these findings. In addition, because patients who underwent delayed wound closure had more comorbidities at baseline, these factors contribute to patient discharge to medical facilities. Important areas for additional investigation include prospective, randomized studies examining the true impact of delayed wound closure on hospital length of stay and discharge to medical facilities. A comparison of delayed primary closure versus wound closure by secondary intention with negative pressure wound therapy for contaminated and frankly dirty wounds is also warranted.
This study is the first to evaluate the direct impact of primary versus delayed/secondary wound closure on out- 
